Abstract. Cetyl trimethyl ammonium (CTA) ions have been confined within galleries of layered CdPS 3 at two different grafting densities. Low grafting densities are obtained on direct intercalation of CTA ions into CdPS 3 to give Cd 0⋅93 PS 3 (CTA) 0⋅14 . Intercalation occurs with a lattice expansion of 4⋅8 Å with the interlamellar surfactant ion lying flat forming a monolayer. Intercalation at higher grafting densities was effected by a two-step ion-exchange process to give Cd 0⋅83 PS 3 (CTA) 0⋅34 , with a lattice expansion of 26⋅5 Å. At higher grafting densities the interlamellar surfactant ions adopt a tilted bilayer structure.
Introduction
Intercalation of surfactants into layered solids has been a subject of considerable interest with potential application as adsorbents of contaminants in water treatment 1 , as chemical sensors 2 and as artificial membranes 3 . They are also of interest as crystalline models of lipid bilayers 4 . A variety of inorganic layered hosts, the smectite group of clays 5 , layered double hydroxides 6 , graphitic oxide 7 and transition metal thiophosphates [8] [9] [10] [11] , are known to intercalate surfactants. In these systems, cationic or anionic aliphatic surfactants are end-tethered to the internal surface of the galleries of the layered solid via coulombic interactions with the inorganic layer. Intercalation of surfactant molecules provides a route to convert the essentially hydrophilic internal *For correspondence surface of an inorganic layered host into an organophilic one 12 , capable of "adsolubilizing" a variety of polar and non-polar molecules 13 , aliphatic alcohols 14 , aromatic hydrocarbons 15 and even polymers 16 . The properties of the intercalates are governed by the structure of the surfactant molecules in the galleries which can adopt a variety of structures -monolayer, bilayer, paraffin-type monolayer or bilayer -depending on the packing density and the length of the surfactant methylene 'tail'. When the grafting density is low the surfactant molecules usually lie flat with the molecular axis of their methylene chain parallel to the walls of the gallery. With increasing grafting density the methylene 'tail' of the surfactant adopts a paraffin-type monolayer or bilayer structure depending on the size, concentration and length of the chain. In addition, the relatively small energy difference between the trans and gauche conformers of the methylene chain allows for a great degree of conformational freedom for the 'tail', restricted only by the gallery dimensions.
In this study, we have looked at the conformation and orientation of the methylene 'tail' in a cationic surfactant intercalated within the galleries of layered cadmium thiophosphate for two different concentrations, i.e. grafting densities. The cationic surfactant studied was cetyl trimethyl ammonium bromide (CTAB). The host lattice, cadmium thiophosphate, is formed by the stacking of CdPS 3 sheets, built from edgesharing CdS 6 and P 2 S 6 polyhedra, with a van der Waals gap of 3⋅ ⋅ 2 Å (figure 1) 17 . It undergoes a unique ion-exchange intercalation reaction in which guest cations are introduced into the galleries with an equivalent loss of cadmium ions from the lattice 18 . Intercalation occurs with a dilation of the lattice along the interlayer axis, the extent of which depends on the nature of the guest cation.
When crystals of CdPS 3 are contacted with an aqueous solution of the cationic surfactant cetyl trimethyl ammonium bromide (CTAB), [CH 3 (CH 2 
